Emerging evidence for crosstalk between Nrf2 and mitochondria in physiological homeostasis and in heart disease.
Nrf2 regulates redox homeostasis in cells by coordinately regulating a range of antioxidant enzymes and proteins. An increase in oxidative stress is one of the hallmarks of aging, and Nrf2 protein levels and activity decrease with aging. Decreased mitochondrial functions, such as decreased ATP production, also occur with aging, leading to the increased generation of reactive oxygen species (ROS) and oxidative stress. Thus, understanding the relationships between Nrf2 and the mitochondria is important for clarifying the regulatory mechanisms of aging. It is becoming clear that Nrf2 is activated in a tissue-specific manner in response to mitochondrial or NADPH oxidase-generated ROS. As the heart consists of postmitotic cells that utilize ATP produced mainly by mitochondrial oxidative phosphorylation, cardiomyocytes are equipped with highly sophisticated mitochondrial quality control mechanisms. Consistent with these findings, it has been reported that Nrf2 in the heart is regulated via a specific translational mechanism and that Nrf2 activation confers cardioprotective effects in various disease models. Thus, Nrf2 is a promising target for anti-aging strategies to combat age-related heart diseases, such as age-related cardiomyopathy.